ADDITIONAL INDEX WORDS. natural environment, exercise, attention restoration theory, community gardening SUMMARY. This study explored the potential benefits of allotment gardening for healthy aging, focusing on the opportunities for outdoor physical activity, social support, and contact with nature that allotment gardening provides. Participants included 94 individuals aged between 50 and 88 years who were members of various indoor and outdoor activity groups. The participants completed physiological measures and psychometric scales of self-rated health, perceived stress, physical activity level, and perceived social support. A significant difference in perceived stress levels was observed between the activity groups. Allotment gardeners reported significantly less perceived stress than participants of indoor exercise classes (P < 0.05). As there were no significant differences in reported levels of social support and physical activity, explanations for the allotment gardeners' lower stress levels focus on the potential contribution of engagement with nature and psychological restoration. These findings represent a step toward understanding the benefits of allotment gardening activity as a health-promoting behavior in later life.
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T here is a growing body of evidence that highlights the potential benefits of horticulture in later life (Collins and O'Callaghan, 2008) , and as a favored leisure pursuit of older adults in the United Kingdom (Dunnett and Qasim, 2000) , gardening may be a particularly beneficial form of physical activity for promoting healthy aging. Recent studies by Park et al. (2008 Park et al. ( , 2009 and Sommerfeld et al. (2010) have explored the physiological and psychological health of older adult gardeners. Park et al. (2009) observed significantly higher physical function and significantly less bodily pain amongst individuals classified as active gardeners when compared with those classified as non-gardeners. Sommerfeld et al. (2010) showed significantly higher levels of physical activity, life satisfaction, and self-rated health in their sample of gardeners aged 50 years or older when compared with non-gardeners from the same age range. These findings are similar to previous studies that have shown gardening activity to be associated with improved grip strength, lower blood pressure, and enhanced psychological well-being (Reynolds, 1999 (Reynolds, , 2002 . Research with residents of care institutions has also shown improvements in health and well-being as a result of cultivating house plants and time spent in gardens (Collins and O'Callaghan, 2008; Rappe and Kivelä, 2005) .
More recently, van den Berg et al. (2010a) showed that allotment gardeners aged 62 years or older reported better scores on measures of health and well-being when compared with non-gardeners. Similar to the findings of Sommerfeld et al. (2010) , the allotment gardeners also reported higher levels of physical activity when compared with the non-gardeners, but it is not made clear whether the nongardeners conducted other forms of physical activity and whether these were in any way similar to allotment gardening activity. In the United Kingdom, allotment gardens are legally defined in the Allotments Acts as ''a piece of land not exceeding 40 poles in extent which is wholly or mainly cultivated by the plot-holder for the production of vegetables or fruit by him/herself and family'' (Allotments Regeneration Initiative, 2007 ). An allotment site consists of a collection of allotment plots where plot-holders garden individually but in close proximity to one another.
Despite recent advancements in the understanding of the potential health and well-being benefits of gardening, there is a lack of knowledge about the specific components of the activity which may construe particular health benefits. The growing evidence base suggests that the benefits of gardening could be a result of the combination of outdoor physical activity with exposure to nature, and in some instances, the opportunity for social interaction (Sempik et al., 2005) .
It is likely that the physical exercise obtained during gardening activity will have benefits to health. There is evidence to suggest that is the case for the lower intensity leisure time physical activity that gardening provides, as well as more vigorous intensity activity (Pretty et al., 2005) . For example, moderate and low intensity physical activities such as cycling and walking have been linked to lower mortality rates when compared with sedentary lifestyles (Matthews et al., 2007) as well as reductions in systolic blood pressure, waist and hip circumferences, and improvements in functional capacity (Tully et al., 2007 physical activities that have a metabolic energy expenditure equivalent (MET) level of less than 10, as categorized in the Ainsworth compendium of physical activities (Ainsworth et al., 2000) . For example, brisk walking is coded as having a MET intensity level ranging from 3.8 to 5, and gardening activities also fall within a similar MET level range. Research conducted with older adults has demonstrated that gardening can offer a level of caloric expenditure, which meets the recommended government guidelines for moderate intensity exercise (Park et al., 2008) . While physical activity can have direct health benefits as a result of physiological exertion and improved fitness, much research has also shown that it can lead to the improvement of psychosocial factors including stress levels (Starkweather, 2007) . Researchers have argued that outdoor activities such as gardening may have stress-buffering properties as a result of the opportunity for contact with nature. Pretty (2004) describes three different levels of engagement with nature, which have been shown to have health benefits: viewing nature, being in the presence of nature, and active participation and involvement in nature. Gardening offers this third level of engagement as one is actively involved with nature while gardening and not merely in its presence. This active participation with nature is thought to have greater benefits than mere passive observation (Collins and O'Callaghan, 2008) . Explanations for the potential synergistic benefit of exercising outdoors while engaging with nature have drawn upon ''attention restoration theory'' Kaplan, 1995) which posits that natural settings which confer a sense of ''being away'' from things have a beneficial restorative impact on cognitive resources such as attention and concentration, and can reduce fatigue. Cognitive restoration has been shown to be more likely to occur when exercising in natural environments than in urban environments (Bodin and Hartig, 2003) . Ottosson and Grahn (2005) showed increased attentional performance in elderly care home residents following a period of outdoor leisure time compared with a period of indoor leisure time. Contact with nature and green space has also been linked to psychophysiological stress reduction (van den Berg et al., 2010b). It has been argued that green exercise may buffer against the effects of stress on physical and psychological health outcomes (van den Berg et al., 2007 (van den Berg et al., , 2010b .
A recent empirical study from the ''Vitamin G'' project in The Netherlands further explored the psychophysiological stress reduction benefits that gardening may construe (van den Berg and Custers, 2011) . Salivary cortisol was measured before and after a stress-inducing task following which participants were allocated to an indoor reading activity or outdoor gardening activity. The researchers observed stronger stress recovery in participants of the gardening activity after controlling for baseline cortisol levels and time of day. Ineffective stress recovery is predictive of late life depression (Rappe and Kivelä, 2005) and is thought to be damaging to physical health through pathways such as chronic arousal of the sympathetic nervous system, immune suppression, and general allostatic load .
Much of the research on the benefits of contact with nature has studied individual participants being exposed to natural scenes, views, or experiences. However, many activities in natural settings, such as gardening, also offer the opportunity for social contact (Sempik et al., 2005) . Allotment gardening, in particular, offers contacts with the many other allotment plot-holders and thus can offer a social context to the activity when neighboring plot-holders are present. A large body of research highlights social contact as a key variable in healthy aging with findings linking social support to measures such as mortality and quality of life (Sugiyama and Ward Thompson, 2007) . Glass et al. (1999) showed that overall survival was linked to activities that provided social contact and which were productive, even after controlling for health status and functional ability. Supportive social environments have been shown to promote the benefits of exercise (Bodin and Hartig, 2003) , and this effect might occur through a stress reduction mechanism as social support is known to be a buffer against stress (Sugiyama and Ward Thompson, 2007) .
As for outdoor physical activity, increased social interaction has been cited as a possible mediating factor in the associations between both physical activity and nature, with health outcomes serving an overall indirect effect of outdoor physical activity on health (Andrews, 2001 ). Participants of physical activity in natural settings often report that it provides opportunities for social interaction with likeminded people (Clayton, 2007) , which may then lead to increased social contacts and support. In the case of allotment gardening in the United Kingdom, Milligan et al. (2004) examined older people's experiences of the cultivation of an allotment plot using diary and interview methods. Their analyses describe this type of gardening as stress busting, empowering, and enjoyable. The authors emphasized the benefits of the social interaction experienced, concluding that such communal gardening is more beneficial to physical and psychological health than traditional home gardening.
There is a lack of knowledge regarding specific benefits of gardening activity for older adults, with much of the existing findings relying on selfreported data and suboptimal objective measures of health (Windle et al., 2008) . It is likely that the reported benefits to health and well-being of gardening are a result of a combination of outdoor physical activity, contact with nature, social interaction, and other potentially health-promoting factors-all of which are arguably in more abundance in the case of allotment gardening.
This cross-sectional study involved the measurement of health status and stress levels in older adult allotment gardeners and participants of other popular British leisure pursuits to compare the potential benefits. It was hypothesized that the groups would differ on physiological and self-reported health measures, as well as perceived stress levels, depending on whether they offered opportunities for being outdoors, increased social support, and contact with nature. In particular, it was hypothesized that the members of the activities that offered more of these opportunities would report lower stress levels and demonstrate better physiological and self-reported health. Furthermore, it was hypothesized that the allotment group would report the lowest stress levels and score most favorably on the health measures as a result of the combined effects of partaking in an outdoor physical activity that offers active participation with nature in the context of a social environment.
Materials and methods

SAMPLE AND ACTIVITY GROUPS.
Adults aged over 50 years were recruited to the study from various local activity groups. The cutoff age was set at 50 years old as one of the groups was an ''over 50 group,'' and it was intended that all members would be eligible to take part in the research. The study was advertised to group members using leaflets, posters, and visits from the researcher. Interested individuals then signed up for more information and were contacted subsequently to arrange the data collection. The activity groups that were contacted included walking groups, allotment sites, gardening groups, and indoor exercise groups from within the city of Cardiff, UK. The groups were defined as follows: 1) allotment gardeners carry out their gardening activity on an individual plot of land within a site consisting of many other gardening plots, 2) home gardeners only carry out gardening activity within their home garden, 3) members of local health walks obtain outdoor activity during walk routes that include a mixture of natural and rural environments, and 4) members of indoor exercise groups perform physical activity inside leisure centers or similar community venues.
These groups were selected for their variation in the provision of outdoor physical activity, social interaction, and varying levels of engagement with nature so that the potential contribution of these attributes to health status and stress levels could be compared. For example, gardening provides active engagement with nature (Pretty, 2004) , whereas the walking groups were only occasionally in the presence of nature during their activity as the walk routes include a mixture of natural and urban environments. In addition, allotment gardeners (and the indoor exercise and walking groups) have more opportunities for social contact and interaction than home gardeners. The benefits of the activities as a whole were under investigation rather than the specific benefits of physical activity, so the activity groups were selected for offering similar levels of exercise intensity using standardized tables, in an attempt to ensure that physical activity level would not confound the results. All four activities have been shown to have a moderate intensity range of 3 to 6 METs as detailed in the ''physical activities compendium'' (Ainsworth et al., 2000) as well as in research conducted specifically with older adults (Park et al., 2008; Stewart et al., 2001) . At the point of recruitment, it was confirmed with each individual that the activity group which they were recruited from was their most frequent form of physical activity. Ethical approval was granted by the School of Health Sciences Ethical Committee at University of Wales Institute, Cardiff, UK, with all participants completing an informed consent form.
PROCEDURE. The study involved two components; five physiological health measures, and a questionnaire containing several psychometric scales and some demographic questions. The health measures were conducted at the site of the activity group or at a convenient community venue and took no longer than 30 min to carry out. Participants were given the results of these measures as a thank you for taking part; however, no other incentive was offered for participation. After this appointment participants took home the questionnaire to complete and return in a freepost envelope.
PHYSIOLOGICAL MEASURES. Body mass was measured using electronic weighing scales (model 880; SECA, Hamburg, Germany) to the nearest 0.1 kg, participants were instructed to remove their shoes and any heavy items of clothing or accessories. Height was measured while the participants' shoes were removed, using an electronic height rod (Soehnle, Backnang, Germany). Instructions required participants to stand up straight with their chin parallel to the floor while their height was measured to the nearest centimeter. Body mass index (BMI) was then calculated using the equation [body mass (in kilograms) O height 2 (in meters)]; this measure is often used as an indicator of obesity, which is a modifiable risk factor for age-related diseases. BMI has been shown to be a valid predictive measure of cardiovascular mortality and morbidity (van Dis et al., 2009) .
Systolic and diastolic blood pressures (in millimeters of mercury) were measured in a seated position using an electronic blood pressure monitor (705-CP; Omron, Kyoto, Japan). Participants were seated for 5 min before taking the measurements. The average of three consecutive recordings was calculated. This method was selected as increases in blood pressure are a known consequence of acute stress (Steptoe, 2008) . In addition, decreases in blood pressure have been frequently observed as outcomes of physical activity interventions (e.g., Tully et al., 2007) including exercising while viewing natural scenes (Pretty et al., 2005) .
Lung function was measured using a spirometer (LMMS03; Micro Medical Plus, Chatham, UK). The measure was conducted in an upright seated position. Participants were instructed to take a deep breath to fill their lungs and then to force the air out into the device by breathing out as fast as possible until all of the air is exhaled and the lungs are empty. The best of three consecutive recordings of the forced vital capacity (FVC) measure was used in the analysis. Respiratory function is considered an important component of physiological fitness, and improvements are often reported as outcomes of physical activity interventions (Starr et al., 2003) . Decline in FVC has been shown to predict survival rates and has excellent test-retest reliability (Traynor et al., 2004) .
PSYCHOSOCIAL MEASURES. The questionnaire contained psychometric tools for the measurement of perceived social support and physical activity level to ascertain whether the groups differed on these dimensions. This was following the assumptions that the groups would have similar levels of physical activity but might differ on levels of perceived social support because of variations in the opportunities for social interaction within the activities. The questionnaire also included the outcome measures of perceived stress and self-reported health status. Scales were selected for having robust psychometric properties and being appropriate for use with older adults. Where possible, the shorter and more straightforward versions of the scales were used to keep the questionnaire to a manageable length. Details of the scales are provided in Table 1 .
DEMOGRAPHICS. An additional questionnaire included one-item questions to collect demographic information about age, gender, ethnicity, and marital-, employment-, and smokingstatus so that these potentially confounding variables could be controlled for within the analyses. Information
• October 2011 21 (5) was also collected about whether participants suffered from any diagnosed illness or were taking any current medication. As a measure of socioeconomic status based on area deprivation, Townsend index scores (Townsend et al., 1988) were calculated for each participant based on their residential postcode. This index is based on census information about unemployment, car ownership, housing tenure, owner occupation, and overcrowded living conditions within a specified geographical unit. Within the standardized UK scores, zero represents the national average, scores above zero indicate higher levels of deprivation than the average, and scores below zero represent lower levels of deprivation. The scores are also categorized into quintiles, from 1 to 5 with 1 = lowest deprivation, 3 = average levels of deprivation, and 5 = highest deprivation.
DATA ANALYSIS. To account for age, height, and gender differences in the lung function data, FVC scores were transformed into percentages of the predicted value for each individual's age, gender, and height. Systemic pulse pressure was calculated as (P systolic -P diastolic ). An aging index (AI) was then created from the physiological data following a similar procedure to Tell and Nilsson (2006) using three out of the seven physiological measures: BMI, FVC, and pulse pressure. For each measure, the distribution of the scores was divided into quartiles and the least healthy quartile (the furthest from the most healthy values) for each measure was assigned a score of 1. Participants in the other three quartiles were assigned a score of 0. The score points for each participant were computed, creating an AI with possible scores ranging from 0 to 3, with 0 representing healthy scores obtained on all three measures.
The psychometric scales [perceived stress scale (Cohen and Williamson, 1988) , social provisions scale (Cutrona and Russell, 1987) , IPAQ-S (IPAQ Group, 2005), SF-36v2 (Ware et al., 2007) ] were all scored according to the authors' specifications. For the SF-36 component scores (Physical Component Summary Scale and Mental Component Summary Scale) and IPAQ total MET minutes per week, median values and interquartile ranges are reported. For the rest of the psychometric In all scales higher scores related to higher levels of the variable being measured; e.g., higher stress levels, greater amounts of social support, greater amounts of physical activity, and more positively rated health status.
tools, mean values and standard deviations are reported. This is following the recommendations of the scale developers in all instances. For the categorical demographic variables, total number of participants that fall into each category is reported as well as the percentage of the overall sample that this represents. Data analysis was performed using SPSS for windows (version 17.0; IBM, Armonk, NY). One-way analysis of variance (ANOVA), KruskalWallis, chi-square, and Fisher's exact tests were conducted to determine any significant differences in sociodemographic characteristics between the groups. One-way ANOVAs were used to determine any differences between the groups in the psychosocial and health measures. Results are presented as 95% confidence intervals.
Results
The overall response rate for completion of the questionnaire was 87.8%, in total 94 participants took part in the study. The mean age of the participants (±SD) was 67 ± 8.5 years with ages ranging from 50 to 88 years. All participants were of white ethnicity.
Sociodemographic characteristics of the sample are shown in Table 2 . The groups were fairly homogenous, apart from a significant difference in the proportion of males and females in each group and significant variation in socioeconomic status as measured using the Townsend index.
Of the psychosocial variables measured (perceived stress, perceived social support, physical activity levels, and health-related quality of life), the only significant difference that existed among the four activity groups was for perceived stress level (F = 4.925, P < 0.05) as illustrated in Table 3 . Bonferroni posthoc tests revealed that the difference in perceived stress levels between the indoor exercise group and the allotment gardeners group was significant (P < 0.05) but that those among the other groups were not. While the allotment gardeners had the highest mean scores of social support, self-rated physical health and physical activity levels, and the lowest mean sitting time, these were not significantly higher than the means of the other activity groups.
Regarding the heterogeneity of the four activity groups, there was a significantly higher proportion of men in the allotment gardeners group than any of the other activity groups, and there was also a significant difference in the variance of socioeconomic status between groups. These differences may have been involved in the lower stress levels observed in the allotment gardeners.
The possibility that the difference in stress level was due to an effect of socioeconomic status was tested using analysis of covariance, entering the continuous Townsend score as a covariate. While the main effect of activity group on perceived stress was still found (F = 4.947, P < 0.05), there was no main effect of socioeconomic status, as indexed by the Townsend score (F = 0.630, P > 0.05). There were also no significant interactions between the two variables. However, there were interesting trends in the data as displayed in Fig. 1 , which displays the Townsend score as a median split. There is an observed difference in perceived stress scores between allotment gardeners from high and low deprived areas, as indexed by the Townsend score median split. Allotment gardeners from higher deprivation areas reported lower stress levels than those from lower deprivation areas. Figure 1 shows that this difference is not observed for the other activity groups.
Because of the low numbers of males and females in some of the groups, it was not possible to test for the effect of gender on the difference in stress levels between the groups using parametric statistics. It was possible to compare stress levels between males and females, collapsed across the four activity groups using a MannWhitney U test. There was no significant difference in the perceived stress levels of males and females overall (U = 783.5, Z = -0.956, P > 0.05).
While there were differences in the levels of reported stress as hypothesized, there were no significant differences observed among the health statuses of the groups, as indexed by the SF-36 summary scores, the individual Table 2 . Demographic characteristics of the four activity groups in the study exploring the benefits of allotment gardening for healthy aging compared with other outdoor and indoor leisure activities. 72.9 ± 6.9 62.4 ± 6.8 65.7 ± 9.1 69. Table 4 . It is worth noting from this data that although nonsignificant, the allotment group obtained more favorable scores in some of the physiological measures (BMI, lung function, and self-reported physical health) than participants of the other activity groups.
Discussion
Consistent with the hypothesis, allotment gardeners aged over 50 years reported lower levels of perceived stress than participants of other outdoor and indoor activity groups although these differences were only statistically significant between the indoor exercise group and the allotment gardeners group. Controlling for the effects of gender and socioeconomic status did not alter the results. However, it should be noted that stress levels tended to be lower for allotment gardeners from higher deprivation areas.
It was hypothesized that the combination of exercising outdoors with the opportunity for active engagement with nature and increased social contact would mean that allotment gardeners reported the lowest stress levels of the four activity groups, based on previous research (Milligan et al., 2004) . However, the social support measure did not reveal a significant difference between levels of perceived support among the four activity groups, suggesting that this may not be the reason for the lower levels of stress in the allotment group. It was hypothesized that the opportunity for social interaction within an activity Table 3 . Average scores and results of tests of difference on the psychosocial measures between the four activity groups in the study exploring the benefits of allotment gardening for healthy aging compared with other outdoor and indoor leisure activities. Measured with ''perceived stress scale'' (10-item), scores range from 0 to 40 with increasing scores indicating higher stress levels. y Measured with ''social provisions scale,'' assistance-related scores range from 8 to 32 and non-assistance-related scores range from 16 to 64, increasing scores indicate greater levels of perceived social support.
x Measured with ''international physical activity questionnaire'' (short-form), higher scores indicate more minutes of activity or time spent sitting. w Measured with SF-36v2, higher scores indicate more positively rated health status. PCS range is 4-73; MCS range is 2-74. Scores in the range of 45-55 are considered average. v Bonferroni posthoc test significant at P < 0.05. *Significant at P < 0.05. Fig. 1 . Relationship between activity group and level of deprivation as indexed by the Townsend score (displayed as a median split) for mean perceived stress scores, measured using the 10-item ''perceived stress scale''. Data from the study exploring the benefits of allotment gardening for healthy aging compared with other outdoor and indoor leisure activities.
would be associated with lower stress levels because there is much evidence to suggest a causal link between the two variables (Sugiyama and Ward Thompson, 2007) . In this study, perception of social support availability was measured following the idea that it is the perception of available support that is important for stress reduction (Cohen and Wills, 1985) . However, the opportunity for social interaction during a group activity may not always result in increases in the perception of available support. Furthermore, although the home gardeners conduct their gardening activity without a regular opportunity for increased social interaction, they may have other opportunities for this within their lives, for example, gardening clubs. This possibility may explain why there was no significant difference among the groups on perceived levels of social support. A measure that gauges social support specific to an activity may have generated more useful data.
While the allotment gardeners group reported the highest mean physical activity levels, this was not significantly different from the means of the other activity groups because of high variance. Thus, it cannot be concluded that the difference in stress levels was due to greater amounts of physical activity in the allotment gardening group. The four activity types were selected as they have been shown to offer similar levels of exercise intensity, as indexed by MET levels; however, it may be that certain activities lend themselves to more regular participation as reflected in the trends of the reported physical activity levels. The indoor exercise and walking groups took place at scheduled times and venues; however, there were several of these available each week to allow for regular participation if a person so wished. With allotment and home gardening, the time spent partaking in the activity is not specifically scheduled, so regular participation depends on the individual's initiative. It could be argued that either of these arrangements allows for more frequent participation, but a tentative explanation of the higher (yet not significant) physical activity level of the allotment gardeners might be that an allotment plot tends to require more regular attendance than an average home garden to look after.
Concerning contact with nature, it was assumed that the indoor exercise groups have the least engagement with nature during their activity (even if they had window views of nature) and that the gardening groups have the most engagement with nature during their activity as gardening work involves active participation with nature, as described by Pretty (2004) . Attention restoration theory [ART (Kaplan, 1995) ] provides an explanation as to why engagement with nature may lead to stress reduction. The theory purports that the restoration of cognitive capacities such as attention and concentration occurs as a result of a feeling of being away from routine mental contents, in combination with attention being effortlessly driven by interest and sustained in a coherent environment, the demands of which do not exceed the inclinations of being there. Kaplan and Kaplan (1989) argue that natural environments meet these requirements to a high extent and more than other environments. This cognitive restoration has been associated with stress reduction in empirical studies (van den Berg et al., 2007) and it has been suggested that activity in restorative environments can interrupt the negative stress process .
Lower stress levels were observed in the allotment gardeners that live in more deprived areas. This might be explained by a greater benefit in getting away from the home environment-if the home environment is in a deprived area. Mitchell and Popham (2008) observed reduced health inequalities in terms of mortality caused by circulatory disease in populations living in areas that had greater access to greenspace. They draw upon the previously mentioned findings that link greenspace to health through a stress reduction pathway to explain this. It is thought that populations from less affluent areas may be more likely to experience health benefits as a result of physical activity in natural environments than in other settings. This, in part, may offer some explanation of the observed lower stress levels in the high deprivation allotment gardeners.
Greenspaces, including gardens, have often been linked to ideas of escape and private retreats within research on well-being (Dunnett and Qasim, 2000; Guite et al., 2006) . There was an observed difference between the reported stress levels of allotment gardeners and home gardeners in this study although this difference was not statistically significant. If natural green spaces provide opportunity for psychological restoration and stress reduction because they offer time away from the hassles of daily life, it can be argued that one is more likely to experience a feeling of being away from things when they are physically away from their everyday surroundings, which may not occur when gardening at home. Results from a survey of garden center visitors have shown that many people with gardens view them as an extension of the home (Clayton, 2007) , which may not allow for escape and time away from a stressful home life. However, this is merely speculation, and there is research evidence, which suggests that escape is an important element of the home garden as well (Bhatti and Church, 2000) . Indeed, it seems that gardens attached to residences and institutions are of particular importance to clinical populations where retreat to the garden is the main escape from the indoors for these individuals (Rappe and Kivelä, 2005; Sempik et al., 2005) .
There are several limitations to this study that must be noted. First, it is a cross-sectional study, so a cause and effect relationship between allotment gardening and stress levels cannot be determined. It may be that people who have allotments have more time to commit to this lifestyle, which could be an element of a low stress life. Second, the stress levels reported were relatively low on the 0-40 scale in all four activity groups, despite the differences observed. As highlighted in the results section, there were trends in the data that did not reach statistical significance but were in line with the hypothesis that allotment gardeners would score more favorably on the physiological measures. These trends suggest that further larger scale studies investigating the physical health benefits of allotment gardening are warranted.
In addition, while MET levels have previously been shown to be similar for the four activities involved in the study, a measure of physical fitness may have been useful in ascertaining whether a difference in fitness levels exists among individuals who take part in the four activities studied. This measure was not included in the present study as there were concerns about limiting the amount of time and effort required by the participants to complete the measures included. Self-report measures of stress and other psychosocial variables were adopted as we were particularly interested in measuring individual perceptions. Future studies could add to the evidence base by using more objective measures where available.
The results reported here are intriguing in terms of health promotion in later life. While outdoor activities have been considered in terms of stress reduction and health before, there has been little research that compares a variety of different activities for these properties. As there were no differences between the activity groups on measures of social support and physical activity level, other components of allotment gardening have been considered as possible causes of the lower stress levels in this group. It could be that the various components of the activity interact to benefit psychological well-being, or that there are meditational processes at work; for example, it has been suggested that social support may mediate the effects of physical activity on health (Andrews, 2001) and this may be the case for any effects on stress levels as well. Because of the conservative sample size here, mediational analyses were not possible, thus future research is needed to further the understanding of potential mechanisms involved in the observed differences in stress levels.
To expand on the results found here, prospective longitudinal work will be useful in terms of identifying cause and effect. Comparisons within different gardening activities are also required to establish evidence of the specific components that confer any benefits, such as allotment plot size and site location. Studies using nongardeners could help to determine whether a keen interest or experience of gardening is required to benefit from participation. Measures of duration of gardening activity, as well as perceptions of engagement with nature and environmental aesthetics would be useful to collect in future research to inform the idea that gardening provides a deeper engagement with nature than other outdoor activities. This is something that is planned for the authors' subsequent research.
Specific practice implications of these findings are limited as further evidence is required to enhance understanding of the components of gardening that construe any health benefits in later life. However, the growing evidence base suggests that gardening could represent an effective healthpromoting outdoor activity for later life, which advocates the empowerment of older adults to include gardening activity in their leisure pursuits. In addition, further understanding of the benefits of gardening for healthy aging will be of use to the horticultural industry for the promotion of gardening activity.
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